VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5 genes. 3 The majority of HuRVAs have genes similar in sequence to those of prototype human strain Wa (genogroup 1 genes) or DS-1 (genogroup 2 genes). 4 The Wa-like strains are characterized by the following genotypes of backbone genes: I1-R1-C1-M1-A1-N1-T1-E1-H1, and tend to possess G/P genotypes G1P [8] , G3P [8] , G4P [8] , G9P [8] , and G12P [8] , whereas the DS-1-like strains are characterized by genotypes I2-R2-C2-M2-A2-N2-T2-E2-H2, and tend to possess G/P genotype G2P [4] . 5 Although intergenogroup reassortant strains do exist, it is believed that such strains having both genogroup 1 and 2 segments cause decreased evolutionary fitness compared to those of the parental strains and thus would be selected against in nature. 4, 6 Nevertheless, the emergence and rapid spread of unusual human intergenogroup reassortant strains, ie, DS-1-like G1P [8] strains and reassortants possessing genotype constellations G1/2/3/8-P [8] -I2-R2-C2-M2-A2-N2-T2-E2-H2, were recently reported from several countries. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Of these, DS-1-like G3P [8] strains with the equine-like G3 genotype deserve mention because these strains have emerged on at least four continents (Asia, Australia, Europe, and South America) in a very short time period. [7] [8] [9] 11, 14 Moreover, DS-1-like G3P [8] strains have emerged as major strains in some countries on them. 7, 8 The first DS-1-like intergenogroup reassortant strains, ie, DS-1-like G1P [8] strains, were identified in children with severe diarrhea in Japan in 2012, 10, 15, 18 and subsequently these unusual HuRVA strains were detected in the Philippines, Thailand, and Vietnam, Asia, in 2012-2013. 13, 16, 19 In 2013, DS-1-like G3P [8] strains were identified in Thailand and Australia, 8, 14 and subsequently similar strains were detected in Hungary, Spain, and Brazil in 2015-2016. 7, 9, 11 Furthermore, in 2015-2016, we identified three DS-1-like G3P [8] strains, IS1078, IS1090, and MI1125, in diarrheic children in Japan (Tanaka et al., in preparation). To our knowledge, strains IS1078, IS1090, and MI1125 are some of the first DS-1-like G3P [8] strains that have emerged in Japan,
where the first DS-1-like intergenogroup reassortant strains emerged.
Full genome-based analysis is a reliable tool for obtaining precise information on the origin of an RVA strain, and for tracing its evolution. 3, 20 To date, the whole genome sequences of several DS-1-like G3P [8] strains from Thailand, Australia, Hungary, and Spain have been analyzed, a clonal origin and worldwide spread through evolution by reassortment with locally circulating animal and/or human RVAs being indicated. [7] [8] [9] 14 However, since the overall genetic makeup, genomic diversity, and possible origin of DS-1-like G3P [8] strains remain to be clarified, whole genomic analysis of Japanese DS-1-like G3P [8] strains might be useful for gaining more precise knowledge of the evolutionary dynamics of emerging DS-1-like G3P [8] strains. Here, we analyzed the whole genomes of three DS-1-like G3P [8] strains, IS1078, IS1090, and MI1125, that have emerged in Japan.
| MATERIALS AND METHODS

| Virus strains
Full-genomic sequences were determined for strains IS1078, IS1090, and MI1125, which were detected in three fecal samples from 24 The best substitution models for the 11 genes were selected based on the corrected Akaike information criterion value as implemented in MEGA6.06. The reliability of the branching order was estimated from 1000 bootstrap replicates.
| Nucleotide sequence accession numbers
The DDBJ and EMBL/GenBank accession numbers for the nucleotide 3 | RESULTS
| Profiles of genomic dsRNAs of strains IS1078, IS1090, and MI1125 on PAGE
The virion dsRNAs of strains IS1078, IS1090, and MI1125 were extracted from stool specimens and then analyzed by PAGE. Figure 1 shows the profiles of viral dsRNAs of strains IS1078 (lane 3), IS1090
(lane 4), and MI1125 (lane 5). Instead of the long electropherotype found in most Wa-like strains, strains IS1078, IS1090, and MI1125 had the short electropherotype found in most DS-1-like strains. Notably, strains IS1078, IS1090, and MI1125 had almost identical electropherotypes, suggesting a close genetic relatedness among these three strains.
| Nucleotide sequencing and full genome-based genotyping
For full genomic analysis, viral dsRNAs of strains IS1078, IS1090, and MI1125 were subjected to Illumina MiSeq sequencing. Furthermore, the whole-genomic sequences of seven co-circulating HuRVAs (four DS-1-like G2P [4] and three Wa-like G9P [8] ) were also determined as references. The whole genomes of these 10 Japanese HuRVAs strains were amplified using a sequence-independent primer set and then Supplementary Table S1 .
The 11 gene segments of strains IS1078, IS1090, and MI1125
were all assigned as G3-P[8]-I2-R2-C2-M2-A2-N2-T2-E2-H2
( Table 1 ). The three strains were ascertained to possess the G3P [8] genotype and a DS-1-like constellation, as suggested on RT-PCR- Table S2 ). In contrast, the 11 genes of the seven cocirculating strains were assigned as G2-P The nucleotide sequence identities between the three study strains and their close strain(s) in each gene are indicated in Table 2 .
Phylogenetically, the VP7 genes of strains IS1078, IS1090, and MI1125 were shown to form a cluster with those of DS-1-like G3P [8] strains from different parts of the world, and Japanese equine-like G3P [4] human strains S13-30 and S13-45 25 Exceptionally, the NSP4 genes of strains IS1078, IS1090, and MI1125
were found to be closely related to those of European DS-1-like G3P [8] strains ERN8263 and SS98244047 in a common branch with several DS-1-like G1P [8] strains from Japan, the Philippines, and
Thailand, away from the cluster comprising the other DS-1-like G3P [8] strains from Thailand, Australia, and Brazil (Supplementary Figure S1G) .
Overall, each of the 11 genes of strains IS1078, IS1090, and MI1125 was found to be closely related to that of Japanese DS-1-like G1P [8] and/or Japanese equine-like G3P [4] HuRVA strains. Thus, the three study strains were suggested to be reassortment strains that acquired the G3-VP7 gene from equine G3 rotaviruses on the genetic background of co-circulating DS-1-like G1P [8] strains.
| DISCUSSION
Here, we analyzed the whole genomes of three DS-1-like G3P [8] all genes of the three study strains showed significant genetic identities with those of European DS-1-like G3P [8] strains, indicating the derivation of these DS-1-like G3P [8] strains from a recent common ancestor. Regarding European DS-1-like G3P [8] strains, it has been suggested that the reassortment event that generated these strains occurred outside Europe, followed by their import into Europe, due to the lack of detection of their parental RVA strains to date in Europe. Thus, the DS-1-like G3P [8] strain, a possible progenitor of Japanese and European DS-1-like G3P [8] strains, might have moved from Asia to
Europe. In addition, several genes of the three study strains showed similarity with ones of other DS-1-like G3P [8] strains from Thailand, Australia, and Brazil; however, exceptionally, the NSP4 genes of the study strains were distinct from those of these DS-1-like G3P [8] strains.
These data confirm the circulation of DS-1-like G3P [8] genes of strain S140023 were found to be closely related with the three study strains ( strains.
